Detection and quantification of different
Introduction
Bronchoalveolar lavage fluid (BALF) and induced sputum (IS) examination for Pneurnocystis carinii (PC) were reported to yield a significantly lower diagnostic sensitivity in HIV-infected patients with PCP receiving aerosolised pentamidine as anti-PC prophylaxis [l, 21. A clear mechanism for the decreased yield of diagnostic procedures in these patients was not identified. Other studies reported that prophylactic treatment with aerosolised pentamidine had no effect on the diagnostic sensitivity of PC detection in IS or BALF, or on the number and the different life cycle forms of the organisms detected in BALF of HIVinfected patients with PCP [3, 4] .
To further investigate the influence of anti-PC prophylaxis on the organism load, the cyst:trophozoite ratio and the PC DNA content were assessed in BALF from HIV-infected patients experiencing a first episode of pneumocystosis while receiving prophylaxis and in patients not receiving prophylaxis.
Patients and methods

Patients and clinical specimens
Twenty-one consecutive HIV-infected patients presenting with a first episode of PCP (1 9 males, two females; age 26-51 years) observed at the Clinic of Infectious Diseases, Universita Cattolica S. Cuore, Rome, between 1 Jan. and 31 Dec. 1994 were studied. Seven patients were receiving anti-PC primary oral prophylaxis with dapsone (50 mg daily) plus pyrimethamine (50 mg weekly); six patients were taking aerosolised pentamidine (300 mg every 4 weeks); and eight patients, previously unaware of being HIV-infected, were receiving no prophylaxis.
Bronchoalveolar lavage was performed before starting specific therapy by two different operators who used the same technique with 'multiple lobe' sampling. BALF samples were processed immediately for morphological examination for PC and a sample was stored at -20°C for PCR.
Detection and quantijication of PC organisms
The presence of PC organisms was detected by staining cysts and trophozoites. Indirect immunofluorescence with monoclonal antibodies specific for antigens of the cyst wall (Monofluokit P. carinii, Diagnostics Pasteur, Paris) was performed according to the manufacturer's instructions. Giemsa staining was performed by a standard protocol.
For diagnostic purposes, two lavage slides were examined carefully by two investigators.
To quantify the number of organisms in BALF, two 10-pl drops of clinical samples were placed on a glass slide covering an area of c. 1 cm2. A total of 20 oil immersion fields was randomly scanned. The total count in 1.0 ml was calculated according to the formula reported by Bartlett et al. [5] . To minimise the miscounting of trophozoites, the results were also expressed as the cyst:trophozoite ratio. In addition, the percentage of nuclei/cysts and the total number of PC nuclei in 1 ml of BALF were estimated.
PC DNA quantification by PCR Quantification of PC organisms was also performed by amplifying DNA with primers specific for the mitochondrial large subunit rRNA in serial endpoint dilutions of lavage fluids. Briefly, samples of BALF were digested with proteinase K for 2 h at 56"C, extracted with phenol:chloroform, diluted and amplified with pAZ102 E and H [6] . PCR products were electrophoresed in agarose 2% gel and stained by ethidium bromide. DNA extracted from BALF was serially diluted to 1 in 20000. All dilution experiments were performed in duplicate. Multiple positive controls were included in each run.
Res u It s
On the basis of clinical data, response to negative and amplification treatment and morphological identification of PC, all the patients were found to have PCP.
The three groups had similar clinical and immunological characteristics. In particular, they were similar with respect to the severity of pneumonia as expressed by the alveolar-arterial (A-a) oxygen gradient, and to the immunological status as expressed by the absolute CD4+ count. Moreover, the two groups on prophylaxis were similar with respect to the duration of having less than 200 x 10G/L CD4+ cells.
fl curinii organisms were detected by both IF and Giemsa stains and PC DNA was detected by PCR in BALF from all the patients.
Results of PC quantification are shown in Table 1 .
Discussion
The results show that patients with a PCP episode whilst receiving prophylaxis display an imbalance between the different life cycle forms of PC. No difference was observed between patients who received dapsone plus pyrimethamine or aerosolised pentamidine.
PCR quantification showed that the number of PC nuclei detectable in BALF from patients with PCP was similar, whether or not they were receiving prophylaxis. These data are in agreement with those reported by Ng et al.
[4] on induced sputum or BALF from patients treated with aerosolised pentamidine. Their laboratory method was based on the detection of clumps that contained cysts or trophozoites, or both.
The finding of an increased number of tropozoites associated with a decreased number of PC cysts without a change in the total PC organism burden in patients receiving prophylaxis explains the conflicting diagnostic results of previous reports [ 1, 4] . Indeed, different methods of PC quantification were used, based either on cyst wall staining [l] or on organism nuclei stains [4] .
Although the relative importance of PC cysts and trophozoites in the infected lung has not been established definitely, it is generally assumed that the two forms are interdependent. Recently it has been reported that the cyst stage is an obligatory step in trophozoite proliferation [7] . The visualisation of characteristic cysts in respiratory secretions is considered diagnostic [8]. However, Elvin et al. [9] reported a PCP case with free trophozoites and very few cysts in BALF. These results suggested that some cases of PCP could be missed if the diagnosis of active infection depended on the visualisation of cysts only.
The reasons for this peculiar pattern of PC organisms in BALF from HIV patients receiving prophylaxis are not completely clear. Patients not receiving prophylaxis were similar to those on prophylaxis with respect to immunological parameters PCP.
The pattern of PC organisms and clinical severity of in BALF from patients on prophylaxis was not associated with continuous contact with PC sources, i.e., other HIV patients with PCP or patients receiving anti-PC primary prophylaxis (data not shown).
These results suggest that dapsone plus pyrimethamine and aerosolised pentamidine may interfere with the life cycle of PC through inhibition of replication of cystic forms.
In conclusion, the imbalance between the different life cycle forms of PC with an increased number of trophozoites could explain the lower diagnostic yield of the cyst-staining immunofluorescence in BALF and induced sputum from patients receiving prophylaxis. We believe that multiple stains or PCR examination should be performed on BALF from patients receiving anti-PC prophylaxis if PCP is suspected clinically.
